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Knowledgebase of Interatomic Models (KIM)
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The Open Knowledgebase of Interatomic Models (OpenKIM) is funded 
through the NSF CDS&E program (https://OpenKIM.org).

• Development of an online open resource for standardized testing long-term 
warehousing of interatomic models (potentials and force fields) and data.

• Development of an application programming interface (API) standard for atomistic 
simulations, which will allow any interatomic model to work seamlessly with any 
atomistic simulation code.

• Development of a quantitative theory of transferability of interatomic models to 
provide guidance for selecting application-appropriate models based on rigorous 
criteria, and error bounds on results.

Project Objectives

PIs:  Ellad Tadmor (U. Minn), Ryan Elliott (U. Minn), James Sethna (Cornell)

http://openKIM.org
http://openKIM.org
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‣ KIM Inaugural Meeting held in 
San Diego, Feb 26-27, 2011

• 63 participants from 7 countries
- Canada, Germany, Japan, South Korea, 

Sweden, UK, USA

• Many key model developers present

• Major MD code developers present
- LAMMPS, IMD, GROMACS, SPaSM, 

DL_POLY

• KIM Requirements Document defined
 and has been posted online: 
http://openkim.org/requirements

• KIM organizational structure voted on.

• 355 registered KIM Members
(August 2015)

KIM Community
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KIM INAUGURAL MEETING, SAN DIEGO, FEBRUARY 2011

http://openkim.org/requirements
http://openkim.org/requirements
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KIM Overview
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Repository:  A user-extendible database of 
‣ interatomic Models
‣ standardized Tests (simulation codes)
‣ Predictions (results from Model-Test couplings)
‣ Reference Data (obtained from experiments 

and first principles calculations)

Web portal:  A web interface that facilitates: 
‣ user upload and download of Tests, Models, and 

Reference Data
‣ searching and querying the repository
‣ comparing and visualizing Predictions and Reference Data
‣ recording user feedback

Processing pipeline:  An automatic system for generating Predictions by 
mating Tests and Models in the KIM Repository.
‣ puts the “knowledge” in “knowledgebase”
‣ employs virtual machines and cloud-based computing
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What is an Interatomic Model?
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‣ An interatomic model (IM) can be understood to mean different things.

I. The functional form of LJ:

Consider the following views of the Lennard-Jones (LJ) potential:

II. The LJ parameter set for a 
given material:
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III. A computer implementation 
of the LJ potential:

subroutine ljpotential(r,sig,eps,func,dfunc,d2func)
implicit none

!-- Transferred variables
double precision, intent(in)  :: r, sig, eps
double precision, intent(out) :: func, dfunc, d2func

!-- Local variables
double precision rm,rm2,rm6,eos24

rm    = sig/r         !  sig/r  
rm2   = rm*rm         !  (sig/r)^2
rm6   = rm2*rm2*rm2   !  (sig/r)^6
eos24 = 24.0*eps/sig

func   = 4.0*eps*rm6*(rm6-1.0)
dfunc  = eos24*rm*rm6*(-2.0*rm6+1.0)
d2func = (eos24/sig)*rm2*rm6*(26.0*rm6-7.0)

end subroutine ljpotential
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Why a is a Parameter Set not enough ?
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‣ Interatomic models are often stored as a table of discrete data points that are 
interpolated by the simulation code:

r1 ɸ(r1)

r2 ɸ(r2)

r3 ɸ(r3)

... ...

‣ The interpolation choice (e.g. spline order) 
affects some results,

e.g. Quasi-harmonic estimate of the elastic constant 
for a 1D chain of atoms interacting via a nearest-
neighbor Morse pair potential:
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Figure 4: Stress-free spatial elastic constant (tangent modulus) as a function of

temperature computed using the QH approximation with a tabulated modified Morse

potential using di↵erent splines with (a) n = 500 knots; (b) n = 2, 000 knots; (c)

n = 10, 000 knots. In addition to the lattice dynamics QH approximation results, frame

(a) also shows the QH and MD results computed using pure cubic and quintic polynomial

potentials, and frame (c) also shows the MD results computed using the analytic and

spline potentials.

pair potential is [4],
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where a = a(T ) is the stress-free equilibrium lattice constant at temperature T . The

value of c as a function of temperature for the spline and analytic potentials is presented

in figure 4. We see that the results obtained for the clamped quintic spline potential

agree well with the analytic potential results, even when the number of knots is on

the order of n = 500. The results obtained using the quintic Hermite spline potential

agree with the analytic results when the number of data points is not too large (e.g.,

n = 500 and n = 2, 000). However, due to the increased sensitivity to numerical

noise from the use of numerical di↵erentiation, the results of the quintic Hermite spline

degrade somewhat when n = 10, 000 data points are used. This is in agreement with

figures 1d and 1f where the quintic Hermite spline predicts worse fourth-order derivative

values with more data points. Thus, at least for the quintic Hermite spline, increasing

the number of knots does not necessarily lead to better accuracy. The results for the

clamped quartic spline are interesting. Although this spline is only C

3 continuous it is

able to follow the analytic curve on average, and shows better results with more data

points.

Unlike the higher-order quartic and quintic splines, the cubic splines (natural and

Hermite) produce a quantitatively di↵erent behavior for the temperature-dependent

elastic constant. In fact, they predict entirely the wrong initial slope at T = 0.

Increasing the number of knots decreases the discontinuity in the cubic spline results

Wen et al., 
MSMSE,
in press (2015)
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KIM Models (https://openkim.org)
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‣ KIM Models are archived on the OpenKIM website https://openkim.org :

https://openkim.org
https://openkim.org
https://openkim.org
https://openkim.org
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KIM Models (https://openkim.org)
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https://openkim.org
https://openkim.org
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KIM Models (https://openkim.org)
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https://openkim.org
https://openkim.org


Ellad B. Tadmor (University of Minnesota)                                                                                                                                                                          

KIM Models (https://openkim.org)
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Scientific reference for the 
potential.

Visualization of various properties computed 
within KIM system to help select the 
appropriate potential for the application.

Unique archival KIM ID for citation 
in papers

https://openkim.org
https://openkim.org
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Citing KIM Models
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In the case of Model (Test) which is derived from a Model Driver (Test Driver), the above items should be
cited for both the Model (Test) and the Model Driver (Test Driver).

The purpose of this document is to establish best practice procedures for citing KIM Items in journal
articles and other documents. The following sections provide examples on how to cite the different types of
content stored in the OpenKIM Repository.

2 Stand-alone Model

Body

General format
The simulations were performed using a 〈 optional Model details 〉 model [ Model citations ] archived in
OpenKIM [ OpenKIM citations ].

Example
In this case, the large compressive stress resulted in an Yttria-stabilized zirconia phase with cubic symmetry.
Due to the large system size needed to accurately model the process of oxygen migration, the dipole-based
empirical potential of Umeno et. al [1] archived in OpenKIM [2-4] was employed.

References

1. Y. Umeno, A. M. Iskandarov, A. Kubo and J. M. Albina, “Atomistic Modeling and Ab Initio Calcu-
lations of Yttria-Stabilized Zirconia”, ECS Transactions 57-1 (2013) pp.2799-2809.

2. Y. Umeno, “Dipole model potential optimized for YSZ (Yttria-stabilized zirconia).”
https://openkim.org/cite/MO 394669891912 000

3. E. B. Tadmor, R. S. Elliott, J. P. Sethna, R. E. Miller and C. A. Becker, “The Potential of Atomistic
Simulations and the Knowledgebase of Interatomic Models” JOM, 63, 17 (2011).

4. Future publication about the KIM API will be featured here.

3 Model derived from Model Driver

Body

General format
The simulations were performed using a parameter set 〈 optional parameter set details 〉 [ Model citations ]
with 〈 Model Driver title 〉 [ Model Driver citations ] archived in OpenKIM [ OpenKIM citations ].

Example
The simulations were performed using a parameter set for argon [1] with the Lennard-Jones potential [2-4]
archived in OpenKIM [5-8].

References

1. Newton Bernardes, “Theory of Solid Ne, Ar, Kr, and Xe at 0K”, Phys. Rev., 112(5):1534-1539, 1958.

2. J. E. Jones, “On the Determination of Molecular Fields. I. From the Variation of the Viscosity of a
Gas with Temperature”, Proc. R. Soc. London, Ser. A, 106(738):441-462, 1924.

3. J. E. Jones, “On the Determination of Molecular Fields. II. From the Equation of State of a Gas”,
Proc. R. Soc. London, Ser. A, 106(738):463-477, 1924.
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‣ Example of citing a KIM Model:

The ability to cite a KIM ID and have access to the archived Model makes it possible 
to reproduce atomistic simulations.
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Portability and the KIM API Standard
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‣ In order to maximize the portability of KIM Models, an
Application Programming Interface (API) standards has 
been defined for exchanging information between 
simulators and models.

Simulator
(simulation code)

Model
(interatomic potential)

main program subroutine

pointer

pointer

standardized,
packed 
data 

structure
“API Object”

• Stand-alone simulation computer 
program (MD, lattice dynamics, etc.)

• Can be written in any language 
supported by the API (Fortran 77, 
Fortran 90, C, C++, ...)

• Subroutine that given a set of 
atomic positions, species, ... 
computes energy, forces, ...

• Can be written in any language 
(Fortran 77, Fortran 90, C, C++, ...)

‣ Currently working on support for electrostatics and charge equilibration.
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Efficiency of the KIM API
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‣ The KIM API is a lightweight efficient interface.

1 8 64 512
0

20

40

60

80

100

Number of Processors

Pa
ra

lle
l E

ffi
cie

nc
y 

(%
)

Scaled−sized EAM Cu

 

 

LAMMPS Model Newton On (6.8439)
LAMMPS Model Newton Off (7.69809)
KIM Model (10.3464)

1 8 64 512
0

20

40

60

80

100

Number of Processors

Pa
ra

lle
l E

ffi
cie

nc
y 

(%
)

Scaled−sized Lennard−Jones Argon

 

 

LAMMPS Model Newton On (10.4684)
LAMMPS Model Newton Off (12.214)
KIM Model (12.6469)

Lennard-Jones Argon EAM Copper

LAMMPS benchmark results (scaled size with 32,000 atoms per core)



Ellad B. Tadmor (University of Minnesota)                                                                                                                                                                          

KIM-Compliant Codes
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LAMMPS
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‣ Using KIM Models with LAMMPS is straightforward:

• Install the KIM API (packages available for Ubuntu, others in development)

• Precede LAMMPS installation with “make yes-kim”

For more info, see http://lammps.sandia.gov/doc/pair_kim.html

• Replace native potential with pair style KIM and KIM ID

pair_style      kim LAMMPSvirial EAM_Dynamo_Ercolessi_Adams_Al__MO_123629422045_001
pair_coeff      * * Al
mass            1 26.98

pair_style     eam/alloy
pair_coeff     * * Al_ercolessiAdams.alloy Al

• Run as usual

• Add the KIM Models that you want to use. (Ubuntu package has option to add all models.)

http://lammps.sandia.gov/doc/pair_kim.html
http://lammps.sandia.gov/doc/pair_kim.html
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MDStressLab (http://mdstresslab.org)

16

‣ MDStressLab is a program for computing stress fields from MD simulation results

INPUT
Particle coordinates, 
velocities, and species

Available at
http://mdstresslab.org

COMPUTE:  

• Calculated Cauchy and first PK versions of Hardy, Tsai 
and virial stress

• Decompose stress field into unique and non-unique parts

grid information

Model KIM ID

weighting function

Reference:
N. C. Admal and E. B. Tadmor,
J. Elast., 100:63, 2010

http://mdstresslab.org
http://mdstresslab.org
http://mdstresslab.org
http://mdstresslab.org
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Testing Model Predictions (https://openkim.org)
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‣ User uploadable KIM Tests compute the predictions of archived KIM Models for 
different properties:

https://openkim.org
https://openkim.org
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Testing Model Predictions (https://openkim.org)
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https://openkim.org
https://openkim.org
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Testing Model Predictions (https://openkim.org)
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https://openkim.org
https://openkim.org
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Testing Model Predictions (https://openkim.org)
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https://openkim.org
https://openkim.org
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Visualizers
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‣ You can also see Test results through user uploadable visualizers on the Model Pages:

Model page for EAM_Dynamo_Mishin_Mehl_Cu__MO_346334655118_001

...
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Visualizers
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Model:  EAM_Dynamo_Mishin_Mehl_Cu__MO_346334655118_001

Species:  Cu
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Summary
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KIM provides archival permanent storage of interatomic 
models, tests, and reference data with known provenance.

All KIM content is citable with unique permanent identifiers.  This 
makes it possible to reproduce simulation results in the future.

Models stored in the OpenKIM Repository are portable as they 
conform to an API that allows them to run seamlessly with any 
KIM-compliant simulation code.

Transferability is quantified through exhaustive testing using KIM 
Tests uploaded by users for properties of interest.

Come to breakout session: 
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FIG. 1. (color online). Predictions of the GPR for six common silicon EPs: Tersoff (T2), Stillinger-Weber, EDIP, TBD, TBD,
and TBD. The colored bars indicate the GPR prediction for the total energy error of each EP for the test configurations listed.
For the purpose of comparing different test configurations, the total energy error has been normalized by the number of atoms
present in each test. The black intervals indicate the 95% confidence interval corresponding to each GPR prediction. The
white bars indicate the true energy error of each EP (again normalized by the number of atoms), computed by subtracting
the actual DFT energy from the energy predicted by the EP, for each test configuration. For each test configuration, a boxed
“P” indicates the EP which is predicted to have the lowest energy error in absolute value, while a boxed “T” indicates the EP
which truly has the lowest energy error.
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Sim Mod

• Learn more about Testing framework and how to contribute Tests
• How to select the appropriate model for a given application (RATE)
• Discuss future of KIM and your wish list for the project


